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Two-Dimensional Echocardiographic Assessment of Pulmonary Artery
and Aortic Arch Anatomy in Cyanotic Infants
HOWARD P. GUTGESELL, MD, FACC, JAMES C. HUHTA, MD, MARK H. COHEN, MD,
LARRY A. LATSON, MD
Houston, Texas
To determine the feasibilityand accuracy of noninvasive
assessment of pulmonary artery and aortic arch anat-
omy, a prospective two-dimensional echocardiographic
evaluation was performed in 20 consecutivecyanotic in-
fants before cardiac catheterization and angiography.
The echocardiographic assessment was correct with the
following frequency: detection of left aortic arch in 13
of 13 infants, detection of right aortic arch in 7 of 7,
identificationof patent ductus arteriosus in 13of 13 (one
false positivefinding), identificationof a right pulmonary
artery in 20 of 20, identification of a left pulmonary
artery in 19 of 20, identification of the confluence of the
right and left pulmonary arteries in 19 of 20 and iden-
Infants with clinical and radiographic features of cyanotic
congenital heart disease are often managed by cardiac cath-
eterization and angiography, followed by the surgical cre-
ation of a systemic to pulmonary artery anastomosis. The
purpose of the diagnostic procedures, in addition to the
assessment of intracardiac anatomy, is to determine aortic
arch and pulmonary artery anatomy to choose the optimal
site for the surgical anastomosis. Since various portions of
the aorta and pulmonary arteries can be visualized by two-
dimensional echocardiography, our study was undertaken
to determine the accuracy of this technique in assessing
aortic arch and pulmonary artery anatomy in a consecutive
series of cyanotic infants studied before catheterization and
angiography,
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tification of a main pulmonary artery in 14 of 16 (two
false positivediagnoses by echocardiography). Echocar-
diographic estimates of arterial diameters were slightly
smaller than those obtained by angiography. Mean ves-
sel size (echoeardiographic/angiographjc diameter) was
as follows: transverse aortic arch 8.6/10.6 mm, main
pulmonary artery 5.7/6.3 mm, right pulmonary artery
4.114.2 mm and left pulmonary artery 4.2/3.9 mm,
It is concluded that although two-dlmenslonal echo-
cardiography tends to underestimate vessel size, the
qualitative assessment is adequate for planning a sys-
temic to pulmonary artery anastomosis in selected in-
fants with cyanotic forms of congenital heart disease.
Methods
Patients. The study group consisted of 20 consecutive
infants with clinical and radiographic evidence of cyanosis
and decreased pulmonary blood flow. They ranged in age
from 1 day to 8 months and in weight from 2.3 to 6.8 kg,
Fifteen of the patients were younger than 1 month of age.
Six patients had transposition of the great arteries, ventric-
ular septal defect or single ventricle and pulmonary atresia,
four had pulmonary atresia with intact ventricular septum,
five had pulmonary atresia with ventricular septal defect,
four had tetralogy of Fallot and one had tricuspid atresia
with pulmonary stenosis,
Eehocardiography. Two-dimensional echocardiography
was performed with a mechanical sector scanner (Advanced
Technology Laboratories) with 5.0 and 7,5 MHz trans-
ducers, Images were obtained from parasternal, subcostal
and suprasternal notch transducer positions. All studies were
recorded on videotape for subsequent analysis.
The qualitative analysis included determination of the
following: I) Whether a left or right aortic arch was present
(Fig, I), 2) the presence or absence of patent ductus arte-
riosus (Fig, 2), 3) the presence of the main, right and left
pulmonary artery, and 4) the presence of a confluence of
the right and left pulmonary artery (Fig, 3). Whether the
aortic arch was on the left or right side was determined by
analysis of its branching pattern and by comparing its 10-
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Figure 1. Two-dimensional echocardiograms obtained from the
suprasternal notch, illustrating the branching pattern of the aortic
arch. In infants with a left aortic arch (upper panel), imaging in
a coronal plane with slight angulation toward the patient's right
demonstrates the early bifurcation of the first vessel off the arch,
characteristic of an innominate artery (RIA) dividing into right
carotid (C) and right subclavian (S) branches. A mirror-image
pattern was present in patients with a right aortic arch (lower
panel). Ao = aorta; I = inferior; L = left; LIA = left innominate
artery; R = right; S (on orientation guide) = superior.
Figure 3. Two-dimensional echocardiogram obtained in a coronal
plane from the suprasternal notch in an infant with transposition
of the great arteries and pulmonary valve atresia. Note the con-
fluence of the right (RPA) and left (LPA) pulmonary arteries and
the patent ductus arteriosus (open arrow). Ao =: aorta; LA =:
left atrium; other abbreviations as in Figure 1.
cation with that of the esophagus. In infants whose condition
allowed oral feeding, visualization of the esophagus was
facilitated by performing suprasternal notch imaging while
the infant swallowed formula or glucose water (I). All two-
dimensional echocardiograms were performed and inter-
preted before cardiac catheterization.
The quantitative analysis consisted of determination of
the diameter of the transverse aortic arch and that of the
main, right and left pulmonary artery. The aortic arch was
measured between the origin of the innominate artery and
the origin of the contralateral carotid artery from a suprll-
sternal notch image plane parallel to the long axis of tpe
arch. The diameter of a pulmonary artery was considered
to be the largest dimension obtained in any of the imaging
projections (Fig. 4). All measurements were made with
Figure 2. Suprasternal notch echocar-
diogram (A) illustratinga curvilinearduc-
tus arteriosus (PDA) arising from the un-
der surface of the transverse aortic arch
(AA) in an infant with pulmonary atresia
and ventricular septal defect. The aortic
angiogram of this patient is shown in B.
DA = descending aorta; MPA =: main
pulmonary artery.
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Figure 4. Two-dimensional echocardiogram obtained in a coronal
plane (perpendicular to the long axis of the aortic arch) in a I
month old infant with tetralogy of Fallot. The small arrows in-
dicatethe pointschosenfor measurement of rightpulmonary artery
(RPA) (large arrow) diameter. IV = innominate vein; other ab-
breviations as in previous figures.
calipers from the video screen using the inner edge to inner
edge method.
To test the accuracy of this measurement technique, vid-
eotapes of six patients were reviewed on a computerized
off-line analysis system (Digisonics, Inc.). Twenty-five ves-
sels were measured, first by hand-held calipers, then by
electronic calipers. Mean vessel diameters did not differ
(0.71 ± 0.3 mm versus 0.70 ± 0.3 mm, p > 0.5); only
6 of the 25 pairs of measurements differed by more than 1
mm (largest difference 1.7 mm) and 11 pairs of measure-
ments were within 0.5 mm of each other. Thus, the differ-
ences between the two methods were considered insignifi-
cant and the results of the hand-held caliper measurements
were used in the subsequent analysis.
Angiography. Angiograms were performed as a part of
diagnostic cardiac catheterization within 24 hours of echo-
cardiography. The qualitative assessment was the same as
that performed on the echocardiograms. Vessel diameters
were measured from projected cineangiographic films using
the diameter of the catheter for calibration.
Results
Qualitative assessment. The 13 left and 7 right aortic
arches in the patients were correctly predicted by echo-
cardiography. Patent ductus arteriosus was correctly iden-
tified by echocardiography in 13 patients, with one false
positive diagnosis. A right pulmonary artery was identified
by echocardiography and by angiography in each of the 20
patients. The left pulmonary artery was identified by echo-
cardiography in 19 patients and by angiography in 20. The
main pulmonary was visualized by echocardiography in 14
patients and by angiography in 16 with two false positive
diagnoses by echocardiography. A confluence of the right
and left pulmonary arteries was visualized by angiography
in each of the 20 patients; this was correctly predicted by
echocardiography in 19 patients.
Quantitative assessment. Vessel size was slightly greater
when estimated by angiography than by echocardiography
(Table 1). The angiographic measurement of aortic arch
diameter was greater in 15 patients and the angiographic
and echocardiographic measurements were the same in 5
patients. The greatest difference between the angiographic
and the echocardiographic measurement was 5 mm. Of the
36 pairs of measurements of the right and left pulmonary
arteries, the greatest difference between the echocardio-
graphic and angiographic measurements was 3 mm and oc-
curred in two patients; all other measurements agreed to
within 2 mm.
Discussion
Management of infants with cyanotic congenital heart
disease and pulmonary stenosis or atresia often includes
palliative surgery to increase pulmonary blood flow. Sys-
temic to pulmonary anastomoses relieve hypoxemia and
may enhance growth of the pulmonary arteries (2,3). Im-
portant considerations in planning such procedures are the
side and branching pattern of the aortic arch and the anatomy
of the pulmonary arterial tree. The results of this study
indicate that this information can be obtained by two-
dimensional echocardiography in most infants.
Visualization of pulmonary arteries. Previous inves-
tigators have used echocardiography to assess pulmonary
artery size and anatomy. Initial studies (4,5) utilized M-
mode echocardiography to estimate the diameter of the aor-
tic arch and the right pulmonary artery. Two-dimensional
echocardiography has been used to demonstrate the anatomy
of the pulmonary arteries in adults (6) and children (7).
Huhta et al. (8) used suprasternal notch echocardiography
to detect and measure the right pulmonary artery in patients
with pulmonary atresia and ventricular septal defect. Lappen
et al. (9) described the relation of right pulmonary artery
diameter to body size in normal children and used the results
for assessment of right pulmonary artery diameter in chil-
dren with increased pulmonary blood flow (atrial septal de-
fect) and those with decreased pulmonary blood flow (te-
tralogy of Fallot).
Although the main pulmonary artery generally can be
visualized from the left parasternal area and the right pul-
monary artery from the suprasternal notch, the left pul-
monary artery has been more difficult to image. Huhta et
al. (8) visualized the left pulmonary artery from the su-
prasternal notch in 16 (25%) of 65 patients with pulmonary
atresia and ventricular septal defect. Piot et al. (10) were
able to visualize the left pulmonary artery by two-dimen-
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Table I. Echocardiographic (E) and Angiographic (A) Assessment of Pulmonary Artery and Aortic Arch Anatomy in
Cyanotic Infants
Side of Aortic Pulmonary Artery Diameter (mm)
Aortic Diameter Presence
Arch (mm) RPA LPA MPA of PDA
Case Diagnosis E A E A E A E A E A E A Surgical Therapy
----
I J>A, IVS L L 9 10 3 4 3 4 6 8 + + PV, Asc-RPA
2 TOF L L 8 10 5 4 5 4 5 7 R B-T
3 TOF L L 8 10 3 4 3 5 4 3 Asc-RPA
4 PA, VSD R R 8 10 3 4 3 5 4 6 + + Desc-RPA
5 TGA, SV, PA L L 9 9 4 3 4 3 7 6 + + R B-T
6 TOF R R 10 13 4 3 4 1 5 3 No operation
7 PA. VSD R R 6 7 4 4 4 4 4 4 + + Asc-RPA
8 PS L L 9 II 6 5 5 6 8 12 PV
9 [GA, AVC, PS L L 9 13 4 4 NV 5 4 4 + + R B-T
10 [GA, SV, PA L L 8 8 4 4 4 4 NV 3 + + Asc-RPA
II roF R R 8 8 2 3 4 4 3 3 No operation
12 [GA, VSD, PA R R 8 13 3 4 3 4 NV NV + + Asc-LPA
13 fA L L 9 9 5 4 5 4 8 8 + + R B-T
14 PA, VSD L L 8 II 4 4 4 4 NV NV No operation
15 DORV, AVC, PS R R 8 13 4 3 4 4 4 NV + + L B-T
16 PA,IVS L L 12 12 5 5 5 5 5 7 + + No operation
17 PA,IVS L L 7 10 5 6 5 6 II II + + PV, Asc-RPA
18 PA,IVS L L 9 II 3 6 2 4 3 7 + + Asc-RPA
19 PA, VSD L L 9 10 4 6 3 4 NV 4 + + Desc-LPA
20 PA, VSD R R 9 13 3 3 4 3 3 NV + No operation
Mean 8.6 10.6 4.1 4.2 4.2 3.9 5.7 6.3
± SD 1.2 1.8 0.9 1.0 1.0 0.9 2.2 3.0
Asc = ascending aorta; AVC = atrioventricular canal; B-T = Blalock-Taussig anastomosis; Desc = descending aorta; DORV = double-outlet
right ventricle; IVS = intact ventricular septum; L = left; LPA = left pulmonary artery; MPA = main pulmonary artery; NV = not visualized;
PA = pulrnonary atresia; PDA = patent ductus arteriosus; PV = pulmonary valvotomy; R = right; RPA = right pulmonary artery; SD = standard
deviation; SV = single ventricle;TA = tricuspid atresia; TGA = transposition of great arteries; TOF = tetralogy of Fallot; VSD = ventricular septal
defect.
sional echocardiography in 58 of 63 patients with tetralogy
of Fallot. In the present study, we visualized the left pul-
monary artery in 19 of 20 infants. The left pulmonary artery
was best visualized by locating the suprasternal image plane
parallel to the long axis of the transverse aortic arch (7),
then angling the ultrasound beam slightly anterior and left-
ward. In patients with right aortic arch, the transverse arch
could not be used for orientation, and visualization of the
left pulmonary artery was obtained by tracing the right pul-
monary artery (almost invariably found beneath the trans-
verse arch) toward its origin and scanning the adjacent area
of the left hemithorax.
Visualization of patent ductus arteriosus. There have
been relatively few reports of visualization of patent ductus
arteriosus since the description by Sahn and Allen (11) in
1978. These investigators visualized the ductus from a left
parasternal short-axis image plane. We have found supra-
sternal notch scans (12) more useful, especially when im-
aging the curvilinear ducti arising from the under suface of
the transverse arch in infants with pulmonary atresia
(Fig. 2).
Measurement of vessel size. As in previous studies (8,9),
our echocardiographic estimates of vessel size were slightly
smaller than those obtained by angiography. This is most
likely because angiography, a projection or silhouette tech-
nique, displays the largest internal diameter of the vessel,
whereas echocardiography, a tomographic technique, may
produce an oblique or off center image of lesser size. A
second explanation for the echocardiographic underestimate
of vessel size may be our use of an inner edge to inner edge
measuring technique (as opposed to the leading edge method).
We chose this technique because the thickness of the "lead-
ing" vessel wall often could not be determined with cer-
tainty (for example, the left and right pulmonary arteries in
Fig. 3), whereas the margins of the lumen were quite dis-
tinct. Inclusion of the leading vessel wall thickness would
have increased our estimates of vessel diameter by about I
mm.
Clinical implications. The therapy of the patients in this
report was based on the results of the echocardiographic
and cardiac catheterization data. In most infants, it included
a systemic to pulmonary anastomosis to the pulmonary ar-
tery opposite the side of the aortic arch (either a conventional
Blalock-Taussig anastomosis or a Gortex anastomosis). The
accuracy with which the angiographic findings were pre-
dicted by echocardiography suggests that, in selected pa-
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tients, the combination of clinical and echocardiographic
findings is sufficient to plan surgical therapy. During the
course of our study, six additional patients underwent a
systemic to pulmonary shunt procedure without cardiac
catheterization. In each, arterial anatomy was correctly pre-
dicted by echocardiography.
Several factors enter the decision as to which infants
should undergo catheterization before surgery. We believe
the following criteria are indications for catheterization and
angiography before surgery: 1) Echocardiographic images
of poor or equivocal quality; 2) failure to demonstrate a
confluence of the left and right pulmonary artery. Since we
did not encounter an infant with nonconfluent pulmonary
arteries during the course of the study, we cannot predict
with certainty that this diagnosis can be made by echocardi-
ography. However, our study demonstrates that the conflu-
ence of the pulmonary arteries usually can be imaged when
present. If the confluence cannot be demonstrated by echo-
cardiography, angiography should be performed to deter-
mine the source of the pulmonary blood supply; and 3)
echocardiographic demonstration of lesions amenable to in-
terventional catheterization procedures such as balloon atrial
septostomy or balloon dilation. In the absence of these spe-
cific indications for catheterization and angiography, two-
dimensional echocardiographic data are sufficient for plan-
ning palliative surgery in cyanotic infants with decreased
pulmonary blood flow.
Heidi Elder and Doug Huffines, RDMS, assisted in the performance of
echocardiographic studies and Paulette Snowden prepared the manuscript.
Our colleagues in the Section of Pediatric Cardiology assisted with the
performance and interpretation of the angiographic studies.
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